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54. Device Title: Shape Detection Apparatus 
57. Abstract 

Object: This device detects a subject's contour shape by controlling the quantity 
of light from a spot light projector and measuring the total quantity of light and the light 
quantity centroid of the real image focused on an imaging element; as a result it pertains 
to an apparatus which uses optical decision-making to detect locations where solder is 
defective or where there are burrs or breaks, etc., and which sorts and extracts defective 
components with impurities mixed in. 

Constitution: Scans a subject with a spot light and projects light on it by varying 
the deflection of a rotating-type reflecting mirror and as an optical image focuses the spot 
image as a real image on an imaging element, and measures the total quantity of light and 
the light quantity centroid of the real image, and controls the quantity of light from the 
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spot light projector, whereby the spot image's total quantity of light is adjusted to the 
specified value and the subject's contour shape always has a constant luminosity and can 
be detected by an optical decision-making method. 
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Claims 

Claim 1 : A shape detection apparatus which detects a subject's contour shape in 
the Z axis direction relative to displacement in the Y axis direction, comprising: 

a spot light projector which uses a spot light projecting light along a plane which 
includes the rotating shaft of a rotating-type reflecting mirror and which is linked to the 
rotary movement of the rotating-type reflecting mirror and which scans and projects light 
along the subject in the Y axis direction, 

a focusing lens which makes the spot image reflected by the rotating-type 
reflecting mirror into an optical image and focuses it as a real image on an imaging 
element, 

an image measuring mechanism which measures the total quantity of light and the 
light quantity centroid of the real image focused on the imaging element, 

a spot light quantity adjustment mechanism for adjusting the real image's total 
quantity of light to a specified value by controlling the quantity of light from the spot 
light projector, 

an image scanning mechanism which can vary the deflection of the rotating-type 
reflecting mirror, and 

a main control mechanism which controls the image measuring mechanism, the 
spot light quantity adjustment mechanism, and the image scanning mechanism 
respectively in a series of sequences. 

Brief Description of the Drawings 

FIG. 1 : FIG. 1 is a system diagram showing one embodiment of this device. 

FIG. 2: FIG. 2 is a drawing explaining one example of distribution in the quantity 
of light in the spot image focused on the imaging element. FIG. 2(a) is an example of a 
case in which the spot image's peak value and that peak value location can be determined 
with no ambiguity. FIG. 2(b) and 2(c) are cases in which it is difficult to determine the 
spot image's peak value and peak value location with no ambiguity. 

FIG. 3: FIG. 3 is an oblique view of a hex nut to illustrate one example of a 
subject to be detected. 
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FIG. 4: In order to explain this device's detection of contour shape in the Z axis 
direction relative to displacement of the subject in the Y axis direction, FIG. 4 is a 
drawing showing plane P and plane Q rotated about the rotating shaft of a rotating-type 
reflective mirror so that they do not overlap and do extend in the same plane. 

FIG. 5; FIG. 5 is a system diagram showing another embodiment of this device; it 
shows only the section directly involved in the projection and detection light paths. 

Key to Codes 
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FIG. 3 FIG. 4 




8 



6 



7-23209 



Detailed Description of the Device 
[0001] 

Industrial Field of Application 

This device pertains to an apparatus which detects the contour shape of 
components which have a metal reflective surface such as the soldered portions of 
electric light bulb bases and printed circuit board mounting sections and components such 
as plastic gears and the like, and which ultimately uses an optical decision-making 
method to detect locations where solder is defective or where there are burrs or breaks 
and to sort and extract defective components with impurities mixed in. Its object is to 
always have a constant luminosity and accurately detect the contour shape by keeping the 
quantity of light in a spot image always set at the specified value, even if the quantity of 
light in the spot image focused on an imaging element has an irregular distribution — for 
example, a distribution which does not have a sharp simple pulse waveform or one with 
multiple peaks or a wide peak value — or for subjects which are out of focus and it is 
difficult to unambiguously determine the peak value and the peak value location. 
[0002] 
Prior Art 

A conventional known apparatus which detects contour shape using an optical 
decision-making method is structured so that the peak value of spot image light focused 
on an imaging element and its peak value location are detected, and it controls the 
intensity of a laser point light source coupled thereto, and ultimately it keeps the peak 
value of the spot image constant (for example, Laid-open Japanese Patent Sho 58- 
17161 1). The apparatus for detecting contour shape described in this prior publication 
detects only the peak value of spot image light focused on an imaging element and its 
peak value location, so it cannot measure the total quantity of light and the light quantity 
centroid of the spot image focused on the imaging element and it cannot unambiguously 
detect the peak value and that peak value location, as can this device. 
[0003] 

Problems the Device Is to Solve 

As described previously, the soldered portions of electric light bulb bases and 
printed circuit board mounting sections and so forth have a metal reflective surface, but if 
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that reflective surface is slanted or facing to the side, or if by chance that metal reflective 
surface is a mirror reflection, there are large variations in the total quantity of light in the 
spot image focused on the imaging element, and the imaging element's sensitivity may 
saturate or have an uneven sensitivity, so in many cases it is difficult to unambiguously 
determine the peak value of the spot image focused on the imaging element and its peak 
value location. Furthermore, a sharp spot light cannot always be projected, so the spot 
image on the subject may disperse, and in many cases it is difficult to unambiguously 
determine the peak value of the spot image and its pitch [sic] location. Therefore the 
object of this device is to control the quantity of light from the spot light projector by 
measuring the spot image's total quantity of light and light quantity centroid and adjust 
the spot image's total quantity of light to a specified value and always have a constant 
luminosity and accurately detect contour shape and thus detect locations where solder is 
defective or where there are burrs or breaks and to sort and extract defective components 
with impurities mix ed in, even if the quantity of light in the spot image focused on the 
imaging element has an irregular distribution — for example, a distribution which does not 
have a sharp simple pulse waveform or one with multiple peaks or a wide peak value — or 
for subjects which are out of focus and it is difficult to unambiguously determine the 
peak value and the peak value location. 
[0004] 

Means for Solving the Problems 

This device consists of a spot light projector which uses a spot light projecting 
light along a plane which includes the rotating shaft of a rotating-type reflecting mirror 
and which is linked to the rotary movement of the rotating-type reflecting mirror and 
which scans and projects light along the subject in the Y axis direction, a focusing lens 
which makes the spot image reflected by the rotating-type reflecting mirror into an 
optical image and focuses it as a real image on an imaging element, an image measuring 
mechanism which measures the total quantity of light and the light quantity centroid of 
the real image focused on the imaging element, a spot light quantity adjustment 
mechanism for varying the real image's total quantity of light to a specified value by 
adjusting the quantity of light from the spot light projector, an image scanning 
mechanism which can vary the deflection of the rotating-type reflecting mirror, and a 
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main control mechanism which controls the image measuring mechanism, the spot light 

quantity adjustment mechanism, and the image scanning mechanism respectively in a 

series of sequences. 

[0005] 

Operation 

First, the subject whose contour shape is to be detected — for example, the 
soldered portion of a light bulb base or a printed circuit board mounting section — is 
placed upon a stand, and the spot light reflected by the rotating-type reflective mirror's 
rotating shaft travels along a plane which includes the rotating-type reflective mirror's 
rotating shaft from above the subject, and when it is projected at the rotating-type 
reflective mirror, the reflected spot light from the spot light projector irradiates the 
surface of the subject. When this happens, part of the scattered light from the spot image 
irradiating the surface of the subject reaches the rotating-type reflective mirror in a plane 
which includes the rotating-type reflective mirror's rotating shaft, and that spot image 
reflected by the rotating-type reflective mirror becomes an optical image which is 
focused on the imaging element by the focusing lens as a real image. Here the light path 
of the spot light reflected by the rotating-type reflective mirror until it reaches the subject 
and the light path until that spot image reaches the rotating-type reflective mirror in the 
plane which includes the rotating-type reflective mirror's rotating shaft lie in the same 
plane, and that plane shall be called plane Q. Furthermore, the light path of the spot light 
irradiated from the spot light projector until it reaches the rotating-type reflective mirror 
and the light path of the spot light reflected by the rotating-type reflective mirror until it 
reaches the imaging element lie in the same plane, and that plane shall be called plane P. 
Now, if the subject irradiated by the spot light projector has width (Ah) in the Z axis 
direction, the position of the spot image's real image focused as an optical image on the 
imaging element can be expressed as displacement (D). If a » Ah and b » Ah in FIG. 
3, a+9 « p, so the interval between Ah and D is established by the following relationship. 

Ah « {a*D*cos a}/{b*sin (a+fl)} 

[0006] 

Now the main control mechanism, which controls according to a series of 
sequences, is operated, and the image measuring mechanism measures the total quantity 
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of light of the spot image focused on the imaging element, and when that value is 
different from the specified one [the main control mechanism] changes the output value 
to the spot light quantity adjustment mechanism in order to adjust the quantity of light 
from the spot light projector, and the total quantity of light in the spot image is made to 
agree with the specified value, and the output value from the image measuring 
mechanism, which measures the light quantity centroid of the real image focused on the 
imaging element, is used as the value expressing width in the Z axis direction. 
Furthermore, the main control mechanism, which controls according to a series of 
sequences, is operated, and when it changes the output value to the image scanning 
mechanism, which is capable of changing the deflection of the rotating-type reflective 
mirror, the rotating-type reflective mirror's rotating shaft rotates, and the spot light scans 
and is projected in the Y axis direction (in FIG. 3, perpendicular to the page), and it is 
possible to measure width in the Z axis direction relative to displacement of the subject in 
the Y axis direction, and when the output signal to the image scanning mechanism, which 
is capable of changing the deflection of the rotating-type reflective mirror, is changed 
again, it is possible to continuously measure width in the Z axis direction relative to 
displacement of the subject in the Y axis direction. By doing so the total quantity of light 
in the spot image can always be set at the specified value, even if the quantity of light in 
the spot image focused on the imaging element has an irregular distribution — for 
example, a distribution which does not have a sharp simple pulse waveform or one with 
multiple peaks or a wide peak value — or for subjects which are out of focus and it is 
difficult to unambiguously determine the peak value and the peak value location, so the 
luminosity is always constant and it is possible to accurately detect contour shape in the Z 
axis direction relative to the subject's Y axis displacement. 
[0007] 

Embodiments 

To explain an embodiment of this device based on FIG. 1, first, rotating-type 
reflective mirror 6 is a galvanometer-operated mirror, spot light projector 4 is a laser 
diode, and imaging element 9 is a one-dimensional PSD (semiconductor position 
detection element). Next, the laser diode is positioned at a position so that it scans and 
projects light onto subject 1 1 in the Y axis direction in connection with the rotary 
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movement of the galvanometer-operated mirror, and the projected light travels along the 
plane which includes rotating shaft 12 of the galvanometer-operated mirror, which is 
directly above and near stand 7, which carries subject 11, whose contour shape is to be 
detected. Focusing lens 8, which focuses part of the scattered light from the spot image 
reflected by the galvanometer-operated mirror as an optical image on the PSD as a real 
image, is positioned diagonally to the side and above and near subject 11. Incidentally, if 
the output values from two output electrodes in this one-dimensional PSD are A and B 
respectively, the sum of this output (A+B) is directly proportional to the real image's 
total quantity of light focused on the PSD, and moreover (A-B)/(A+B) has the 
characteristic of being directly proportional to the light quantity centroid of the real 
image focused on the PSD. Therefore image measuring mechanism 10, which measures 
the total quantity of light and the light quantity centroid of the real image focused on 
imaging element 9, consists of a preamplifier to amplify the respective output values 
from the one-dimensional PSD's two output electrodes, an addition circuit to calculate 
the sum of the outputs from the preamplifier, a subtraction circuit to calculate the 
difference between the outputs from the preamplifier, a division circuit to calculate the 
ratio between the addition circuit output value and the subtraction circuit output value, 
and an A/D converter circuit to provide the respective addition circuit output value and 
division circuit output value to main control mechanism 1 . Spot light quantity adjustment 
mechanism 3, which adjusts the real image's total quantity of light to the specified value, 
provides output to the laser diode via a D/A converter circuit controlled by main control 
mechanism 1. Image scanning mechanism 2, which can vary the deflection of the 
galvanometer-operated mirror, couples the galvanometer-operated mirror's rotating shaft 
12 to motor drive circuit 5 via a D/A converter circuit controlled by main control 
mechanism 1. Additionally, a microcomputer which controls the input from the A/D 
converter circuit and the output to the two D/A converter circuits by a series of sequences 
is provided as main control mechanism 1. 
[0008] 

Furthermore, in this embodiment hardware is provided as the addition circuit, 
subtraction circuit, and division circuit which are the means for calculating the sum, 
difference, and ratio between sum and difference of the output values from the one- 
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dimensional PSD's two output electrodes, but it is not limited to this. The same functions 
can be accomplished by a structure which provides a preamplifier for the respective 
output values from the one-dimensional PSD's two output electrodes, and introducing the 
output from the preamplifier to main control mechanism 1 by respective A/D converter 
circuits, and having main control mechanism 1 calculate the sum, difference, and ratio 
between sum and difference of the output values from the two output electrodes using 
software. 
[0009] 

To explain another embodiment based on FIG. 5, at least the galvanometer- 
operated mirror, laser diode, PSD and focusing lens represented in the description in the 
previous embodiment are positioned inside chassis 14, which has through hole 16 for the 
light paths for projected light and detection. Furthermore, in order to make the apparatus 
itself more compact, prism 13 is positioned in the light paths for projection and detection 
to change the respective light paths, and optical filter 15, which is transparent only to the 
wavelength of the laser diode, is positioned in the detection light path. Therefore a light 
path system in which there is no direct relationship between projected light and detection 
light paths — for example, image measuring mechanism 10, which measures the total 
quantity of light and light quantity centroid of the real image focused on imaging element 
9, spot light quantity adjustment mechanism 3, which adjusts the real image's total 
quantity of light to the specified value, image scanning mechanism 2, which can vary the 
deflection of rotating-type reflective mirror 6, and main control mechanism 1, which 
controls by a series of sequences — cannot always be arranged inside chassis 14. In this 
embodiment the parts of the apparatus related to the direct light path are positioned inside 
chassis 4, which admits little external scattered light, making possible more precise and 
highly accurate measurement. 
[0010] 

Furthermore, each of the aforesaid embodiments used a one-dimensional PSD for 
detecting the spot image, but it is not limited to this. An image sensor such as a CCD or 
an imaging tube are also good. In short, essentially anything can be used which has the 
function of generating a signal for calculating the total quantity of light and light quantity 
centroid of a spot image focused on an imaging element. 
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[0011] 

In both of the aforesaid embodiments the spot light was projected onto the subject 
from directly above and near, and the spot image was detected from [a position] 
diagonally to the side and nearby and above, but it is not limited to this. The spot light 
can be projected from diagonally to the side and nearby and above, and the spot image 
can be detected from directly above and near, or the spot light can be projected from 
diagonally to the side and nearby and above, and the spot image can be detected 
diagonally to the side and nearby and above on the opposite side, and so on. The object 
of this device can be achieved when the light path for projecting the spot light for an 
optical decision-making method and the light path for detecting the spot image have any 
of the aforesaid relationships. 

Furthermore, if this device is constructed so that the main control mechanism 
which controls by a series of sequences includes a reciprocating mechanism which freely 
moves the stand cairying the subject back and forth in the X axis direction, not only can 
this device detect Z axis contour shape relative to the subject's Y axis direction 
displacement, it can also detect contour shape in the Z axis direction relative to 
displacement of the subject in the X axis and Y axis directions, which is to say, in two 
dimensions. 
[0012] 

Effect of the Device 

As made clear by the perspective above, this device controls the quantity of light 
from the spot light projector by measuring the spot image's total quantity of light and 
light total centroid, and adjusts the spot image's total quantity of light to a specified 
value, and detects contour shape accurately with luminosity always constant, and 
ultimately detects locations where solder is defective or where there are burrs or breaks 
and sorts and extracts defective components with impurities mixed in, even if the quantity 
of light in the spot image focused on the imaging element has an irregular distribution — 
for example, a distribution which does not have a sharp simple pulse waveform or one 
with multiple peaks or a wide peak value — or for subjects which are out of focus and it is 
difficult to unambiguously determine the peak value and the peak value location. 
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